The probability of working children and adolescents aged between 5 and 17 years experiencing work-related injury was estimated using the National Household Sample Survey (PNAD -Pesquisa Nacional de Amostras por Domicílio) for 2001. Due to the endogenous nature of the "use of personal protective equipment" variable that appears on the right-hand side of the "work-related injury" equation, a recursive simultaneous probit model was estimated. In addition, the marginal effects were discussed and the expressions analytically derived. The results showed that tools and chemical products were the main cause of work-related injury, but variables such as the educational level of the household head and family income were also important. Moreover, workers living in the northeast of Brazil and working in the agricultural sector were most likely to experience work-related injury.
Introduction
Brazilian laws establish 18 as the minimum age for admission to employment or work which by its nature or the circumstances in which it is carried out is likely to jeopardize the health of young people and, more specifically, to any work or production involving pornographic material, entertainment (night clubs, pubs, casinos, circus, gambling) and street commerce. Furthermore, mining, stevedoring or any underground works are forbidden for those under 21 years of age. The minimum age for admission to any other type of work is 16 in Brazil.
According to the PNAD for 2001, 12.7% or 5.5 million of the total number of Brazilian children and adolescents aged 5-17 years work and, among these, 6.5% declared they had already experienced work-related injuries or suffered the harmful effects of work on their health. Therefore, the effect of variables on the probability of an individual experiencing work-related injury 1 was measured with the aim of identifying relevant characteristics, to a lesser or greater extent, that could help formulate policies for the reduction and inspection of work-related accidents.
The binary probit or logit model, which initially seemed to be appropriate to assess the effect of variables on the probability of an individual experiencing or not work-related injury, turned out to be inappropriate, since an important variable, which describes the use or not of personal protective equipment (PPE), is endogenous and simultaneously determined by the "work-related injury" variable. It is known that, the more dangerous some work is, the greater the probability of an individual experiencing work-related injury, and the higher the probability of the individual using personal protective equipment. In order to control this effect, a simultaneous bivariate probit model was used. Since only in one of the equations an endogenous variable (use of protective equipment) appears on the right-hand side, the model is recursive, thus simplifying the estimation. Greene (1998) presents the model proposed in this paper to explain the existence of a course in gender economics in Liberal Arts College, which is associated with the existence of women's study programs. Greene derives the probabilities involved in the likelihood function and the marginal effects associated with the variables analyzed. However, in his example, the correlation between the errors of both equations is zero, which simplifies the analysis of the results.
In the present study, the correlation between the errors of equations for the "work-related injury" and "use of personal protective equipment" variables is different from zero and certainly represents the most common case. Thus, besides estimating the recursive bivariate probit model, all marginal effects were derived for the case in which the correlation between equation errors was different from zero. The data used to estimate the proposed model include children and adolescents aged 5-17 years involved in risky activities, using the PNAD for 2001 as reference, which includes a special supplement on child labor, sponsored by the International Labor Organization (ILO).
There is a remarkable lack of research and data about the risks involved in child labor in Brazil. The few existing studies use local research and primary data collection, due to the lack of information for the country as a whole. In addition, more complex statistical or econometric analyses do not exist, restricting researchers to descriptive statistics. Fischer et al. (2003) carried out some research in which they related living and working conditions of public school students in São Paulo, including information about work-related accidents and health problems. Among all students analyzed, 555 said they worked and, out of these, 38% declared they had already experienced some kind of work-related accident or disease. The activities that posed greater risk were doing household chores, working as a waiter or brickmaker, and handling dangerous objects and equipment. Santana et al. (2003) conducted a study in Salvador, in northeastern Brazil, with a random sample of wage-earning children and adolescents aged 10-20 years, and estimated the occurrence of non-fatal work-related accidents to be 6.4% in this group. Conceição et al. (2003) analyzed the records of 215 people older than 10 years who had been treated due to health problems with external causes in emergency rooms in Salvador. They pointed out that 31.6% of the cases were due to work-related accidents. They also observed that the main occupations of those people were related to civil construction. As to the type of injury, mild injuries accounted for 29.8%, fractures or dislocations for 16.4%, severe injuries for 13.4%, and multiple traumas for 10.4%.
Due to the lack of information and insufficient analysis of the few available data, it is extremely important that empirical studies on the threat and danger that certain jobs pose to children be carried out in order to develop policies that can eliminate such risks.
Data
The data used in this study were obtained from the PNAD carried out by IBGE (Brazilian Institute of Geography and Statistics) in 2001. This survey includes more than 370,000 individuals from the northeast, southeast, south and central west regions as well as from urban areas of northern Brazil. In 2001, the ILO, by means of the Statistical Information and Monitoring Program on Child Labor (SIMPOC), sponsored part of the research so that a special supplement with data about child labor in Brazil could be included, with information about the participation of children older than five in the labor market and the occurrence of work-related accidents, use of personal protective equipment, contact with tools and chemical products, among others.
Safety and Work-Related Accidents
This section presents data about work-related accidents and safety at work for children and adolescents aged 5-17 years, based on the special supplement on the PNAD for 2001, sponsored by the ILO's SIMPOC. Much of the information contained in this supplement appears for the first time on a nationwide basis and is extremely important to the formulation of public policies for the control and elimination of child labor, which may have harmful effects on the health of children and adolescents.
One should recall that the actual situation of work-related accidents involving either children or adults is mostly obscure in Brazil. According to Conceição et al. (2003) , figures about work-related accidents are only partially known, since they are made public by the Social Security Department and only include workers with formal employment contracts. Once most Brazilians are informally employed, statistics would significantly increase if these informal workers were taken into consideration. In 2002, the Ministry of Labor registered 2,898 deaths caused by work-related accidents and 15,029 cases of permanent disability, 2 only for the formal sector of the economy.
The IBGE divides the activities developed by workers into 11 large sectors: (1) agriculture (agriculture, forestry, animal husbandry, crop husbandry, fishing, and fish farming), (2) processing industry, (3) construction industry, (4) other industrial activities (mining and essential industrial services), (5) trade, (6) services (lodging and catering services, repair and conservation services, personal services, household services, entertainment services, radio and television broadcasting), (7) economic support services (technical-professional services and economic support services), (8) transportation and communication, (9) social (community and social services, medical, dental, veterinary and teaching services), (10) public administration (public administration, national defense and public safety) and (11) other activities (poorly-defined or not declared activities).
In the present study, only six sectors will be analyzed: the agricultural sector as that which was established by the IBGE; services, including sectors (6) and (7); trade (sector 5); social (sector 9); industrial, which includes sectors (2) and (4); civil construction (sector 3), and others, which include the ones that were not mentioned previously, except for sector (11), which was excluded.
Individuals aged 5-17 years who were working in the reference period of 365 days were asked if they had experienced any work-related injury or disease during this period.
3 Table 1 shows the percentage of children and adolescents who answered affirmatively, by sector of activity. Those working in agricultural activities presented a higher frequency of work-related injuries or disease (8.7%), followed by the industrial sector (8.1%) and civil construction (7.0%). The frequencies for the services and trade sectors were around 5% and 3%, respectively. The agricultural sector accounts for the highest rate of child labor on a worldwide basis and for the largest number of work-related accidents and health problems. The lack of regulatory policies and appropriate inspection makes the situation even worse. Children start working at an early age and, since they live in the rural area, they have less access to school. Strenuous activities may lead to musculoskeletal disorders, and poor hygiene conditions, lack of drinkable water and exposure to adverse weather conditions may encourage the transmission of diseases (Fassa et al., 2000) .
A report from the World Bank (2001) stated that agriculture is one of the occupations that poses the highest risks of morbidity and mortality. Risks are related to the equipment used, strenuous activities (lifting and carrying weight, working in an uncomfortable position, etc.), chemical products such as pesticides, and exposure to adverse weather conditions (too hot, for example), among others. Common injuries in the agricultural sector, such as in sisal and sugar-cane plantations, occur due to the use of machetes and other tools for cutting, heaping and transporting the harvested crop. The same report mentioned civil construction as a dangerous occupation for children, due to the high risk of accidents and exposure to noise, silica, asbestos, dust and heavy loads. Activities in urban areas such as street vendors, garbage collectors and illegal occupations such as drug dealing and prostitution present other types of risk and damage, including emotional problems and social exclusion.
According to table 2, more than 65% of children and adolescents aged 5-17 years, in the agricultural sector, and 59% in the industrial sector, handle some equipment or appliance at work, which may cause serious accidents and physical damage. Despite the lengthy discussion about children's contact with agrochemicals on farms, only 7.6% reported having used chemical products as opposed to 27% among those in the civil construction and services sectors and 18% in the industrial sector. The use of personal protective equipment is extremely important to prevent accidents, but the percentage of those who use it is only 23% in the agricultural sector, 29% in the civil construction and industrial sectors and 12% in the services sector. The construction sector (52%) presents the highest rate of children being trained or guided to prevent work-related injuries or diseases, followed by the industrial sector (51%) and by the agricultural sector (40%). A regulatory standard (regulation no. 6, Decree no. 3214, June 8, 1978) establishes that any individual piece of equipment for worker's health protection is regarded as personal protective equipment (PPE). Each PPE (special shoes, gloves, belts, helmets, ear and face protectors, among others) must be provided by the employer. However, since most children are informally employed, the use of these pieces of equipment depends more on the employer's willingness than on the employee's choice.
Furthermore, workplaces, equipment and appliances used are not designed for children and their use may cause ergonomic problems as well as fatigue. In addition, children tend to be less aware than adults of the dangers involved at work and usually do not know how to react in case of accidents. Children are also less tolerant of heat, noise, chemical products, radiation, etc., which may cause health problems. Forastieri (1997) argues that data about ergonomic risks as well as the risks to the growth and development of working children are scarce. However, it is common knowledge that children differ from adults in terms of anatomical, psychological and physiological features, which makes them more susceptible to the dangers posed by the lack of safety at work, with more drastic effects and possibly irreversible damage.
According to table 3, in the northeastern region, only 19% of children who work in civil construction, 14% of those in the agricultural sector and 13% of those in the industrial sector used some kind of personal protective equipment. These rates are much higher in the southern region, with 33% in the civil construction sector, 48% in the agricultural sector and 41% in the industrial sector. The low percentage in the use of PPE may be due to the high level of informality in the labor market for this age group. Among workers aged 5-17 years who mentioned having experienced workrelated injuries or diseases, most (52%) reported cutting themselves, having muscle pain (7.5%) and suffering fractures (7.5%). The item "other injuries and diseases" includes 17.3% of workers, whereas the remaining 15% suffer from insect bites (3.9%), burns (2.2%), limb loss (0.3%), breathing problems (5.3%), eye irritation (1.8%), ear infection (0.2%) and skin disorders (1.7%). Thus, most reported problems are more associated with work-related accidents than with acquired diseases, mainly because we are analyzing cross-sectional data, which often reflect a short-term period. Diseases may appear more frequently in the future, due to the exposure to chemical products, noises, ergonomic problems, etc.
A long-term analysis, evaluating the impact of child labor on the health of adults, was conducted by Kassouf et al. (2001) , taking into consideration possible variables that might affect individuals, including the age at which they began to work. If starting work at a much too young age is harmful to health, it is expected that the later someone enters the labor market, the healthier he/she will be. Obviously, variables such as educational level, age, and income will have to be controlled so that their effects are not confounded. The ages at which individuals started to work had a significant effect, indicating that those who enter the labor market too early are less healthy. The effects increase as the age at which individuals started work decreases.
Econometric Model

Recursive bivariate probit model
Consider the model,
where x and w are column vectors of exogenous variables. It is admitted that
It is also admitted that ε 1 and ε 2 have bivariate normal distribution (BVN). According to Maddala (1983) and Greene (1998) , this is a specific case of the bivariate probit model, denoted by Greene (2003) as a recursive model of simultaneous equations, since the endogenous variable z appears on the righthand side of the second equation while the other endogenous variable (y) does not appear on the right-hand side of any equation.
In this study, z = 1 was specifically considered when children and adolescents mentioned having used personal protective equipment at work, and z = 0 otherwise. Similarly, y = 1 was considered when they reported work-related injury or disease, and y = 0 otherwise.
Using BVN to indicate the distribution function of the bivariate standard normal distribution with correlation ρ, the four basic probabilities of this bivariate probit model are:
Thus, the expected value for y, given the vectors w and x, is
The distribution function of the bivariate normal distribution is P rob(
Marginal effects
Since Φ(·) is the distribution function of the standard normal distribution, the probability of some personal protective equipment being used or the probability of z = 1 is obtained from the marginal distribution and is as follows:
The effect of using personal protective equipment can be evaluated by the difference between the conditional probabilities of health injury when personal protective equipment is used or not. Therefore, this effect is:
Another way to evaluate the influence of using personal protective equipment is by calculating its effect on the probability of the marginal distribution, which is given by
When ρ = 0, the probability in the bivariate distribution may be obtained by the product of the marginal probabilities, i.e.,
Then, it can be verified that when ρ = 0, the difference between conditional probabilities is equal to the effect of using personal protective equipment on the marginal probability of health injury, i.e., G(z) = M (z).
Next, the marginal effect of an exogenous variable x i on the probability of a child or adolescent experiencing work-related injury or disease will be analyzed, which will be denoted by H(x i ).
First, let us check how to calculate the effect of a binary explanatory variable x i that belongs to the vectors w and/or x. Let w 0 and x 0 be the vectors in which this binary variable assumes value 0 and let w 1 and x 1 be the vectors in which this variable has value 1, keeping the other variables at their mean value. In the problem being analyzed, the binary variable can be, for instance, the use of chemical products at work. Recalling (7), the effect of this binary variable is given by
Note that this effect can be split into two parts:
with
and
The first part corresponds to the effect of the binary variable x i on the probability of work-related injury or disease for individuals using personal protective equipment whereas the second part is the effect on the probability of work-related injury or disease for individuals not using personal protective equipment.
Defining vectors w 0 , w 1 , x 0 and x 1 is slightly different when the effects associated with each one of the k − 1 binary variables used to differentiate k categories are being assessed. That is the case, for example, of the three binary variables used to distinguish between white, black, yellow and brown color. It is appropriate to define the effects of black, yellow and brown always based on the category chosen as reference (white). So, the three variables associated with color are equal to zero in the vectors w 0 and x 0 and only one of the three variables assumes value 1 in the vectors w 1 and x 1 , according to the effect being calculated (black, yellow or brown, always opposed to white).
Another indicator that will be used to analyze the effects of a binary explanatory variable is the ratio between the probabilities of using personal protective equipment when this variable is equal to 1 and when it is equal to 0:
Next, we analyze the effect of a continuous variable x h , such as per capita family income, which belongs to the vectors w and/or x. In this case, the effect is the partial derivative of E(y|w, x) in relation to x h . It is interesting to distinguish between the two different parts of this effect, which are the derivatives of each of the two terms on the right-hand side of (7).
Assuming φ(·) as the value of the density function of the standard normal distribution, the effect of x h is
5. Results
Results of the recursive simultaneous binary choice model
In order to create the database, non-family members, pensioners, household employees and their relatives were excluded. We selected individuals aged 5-17 years who had worked the week before the interview, or produced their own food, or worked in construction for their own use, or those who would be normally working, but were not working during the previous week due to vacation or health problems.
5 Thus, working at home is not included in children's occupations, which may underestimate the results found, especially for girls. The fact that the database does not include information about the rural areas of the northern region, except for the state of Tocantins, also contributes to the underestimation of the incidence of child labor in Brazil.
Among all individuals aged 5-17 years, those who said they were the household head were excluded.
Both endogenous variables were binary, reflecting whether workers used personal protective equipment (equal to 1) or not and whether they suffered workrelated injuries (equal to 1) or not.
The results of the recursive bivariate probit model estimation are presented in table 4. The first column contains the variables included in the analysis. The type of variable (binary or continuous) is described in the second column, and the means of the variables are presented in the third column. The fourth column shows the coefficients and the tests for the use of personal protective equipment equation, whereas the fifth column presents the coefficients and tests for the "work-related injury" equation. The estimated value of correlation ρ between the errors of both analyzed equations was 0.312, with p value equal to 3.76% on Wald's test.
All the calculations were made using the expansion factor of each observation, provided by the IBGE.
The agricultural sector was omitted in table 4, being therefore used as reference for the interpretation of results. The binary variable coefficients for the civil construction, trade, services, and social sectors were statistically significant at 10% in the equation for the use of personal protective equipment, as well as in the equation for "work-related injury", except for the civil construction sector, in which they are not significant.
The effects associated with the north, central west, south and southeast of Brazil (northeast was omitted) as well as the effect of living in an urban area were highly significant. These variables only appear in the equation for "use of personal protective equipment".
Variables related to color (black, yellow, and brown, omitting white) barely have statistical significance, except for yellow in the equation for "use of personal protective equipment".
Gender (equal to 1 if male) was important both to the equation for "use of personal protective equipment" and to the equation for "work-related injury", while the child's or adolescent's age was only relevant when explaining the use of personal protective equipment. Additionally, going to school or to a day care center turned out to be irrelevant in both equations.
In both the "use of personal protective equipment" and "work-related injury" equations, the effects of the household head's educational level were statistically significant. However, the household head's age has a significant effect, at the level considered, only in the "use of personal protective equipment" equation, whereas per capita family income and gender (equal to 1 if male) have significant effects only in the "work-related injury" equation.
In both equations, the most important effects (largest t values) are related to the use of a machine, a tool or any instrument in their working activities and to the handling of chemical products.
It was also observed that the endogenous variable "use of personal protective equipment", which appears on the right-hand side of the "work-related injury" equation, shows a statistically significant effect at the considered level.
The marginal effects associated with each variable will be discussed next. (2) Per capita income is measured in units of R$ 1000. Considering the exchange rate of September 2001, R$ 1000 corresponds to around US$ 370. * , * * and * * * indicate that the coefficient is significant at 10%, 5% and 1%, respectively.
Estimation of marginal effects
Before analyzing the marginal effects of the "use of personal protective equipment" variable, let us take a look at the contingency table for this variable with work-related injury. The observed proportions are shown in table 5. There is a positive association between both variables, since the relative frequency of workrelated injuries is higher when personal protective equipment is used (9.89%) than when it is not (5.86%). The association coefficient φ (the same as the correlation coefficient between y and z) was 0.0628. Once the sample includes 10,785 individuals, this association coefficient is highly significant. It would be completely wrong to conclude from this positive association that the use of personal protective equipment is harmful to health. On the other hand, there are variables such as "use of tools" or "handling of chemical products" that simultaneously determine an increase in the probability of work-related injuries and indicate a higher probability of use of personal protective equipment. This is a typical example of spurious correlation, due to the effect of other variables on y and z. Table 6 presents the probabilities of the four different combinations of y and z estimated by the bivariate probit model. It should be highlighted that the probabilities presented in this table are not estimates of the proportions presented in table 5, due to the control over the effect of variables included in vectors w and x. The probabilities presented in table 6 are calculated always using the mean values of the variables included in these vectors. Table 6 Probabilities (in %) of work-related injuries while using or not personal protective equipment, in the estimated bivariate probit model Table 6 shows that even after controlling the effect of exogenous variables included in the model a positive association still exists between the "use of personal protective equipment" and "work-related injuries" variables. The conditional probability of such injuries increases from 5.13% when PPE is not used to 6.97% when it is used. The association coefficient φ is equal to 0.0279, a value substantially lower than the one presented in table 5, but still positive. This renders marginal effect H(z), defined by equation (8), positive:
On the other hand, the effect of using personal protective equipment on the marginal distribution defined in (9) is negative:
Marginal effects G(z) and M (z) would be the same if ρ = 0. The fact that r = 0.312 is related to the positive association between the use of personal protective equipment and the occurrence of injuries in table 6, rendering G(z) positive. That is certainly due to the effect of exogenous variables not included in the model (or to measurement errors in the included ones). Ideally, a more complete model should be estimated, eliminating the effect of all exogenous variables that create a positive spurious correlation between the use of personal protective equipment and the occurrence of work-related injuries.
The estimated model shows that if this correlation does not exist the effect of using personal protective equipment would reduce the probability of injuries by 3.63%, a substantial effect, since the probability of injuries is 5.38%, considering the mean value of exogenous variables. It should be pointed out, however, that the model could not completely explain the reasons for a positive association between the probability of work-related injuries and use of personal protective equipment. One of the reasons, for example, may be the effect of a variable difficult to measure: attention of children and adolescents towards accident prevention. If using personal protective equipment makes workers feel safer and reduces their attention, this would contribute to that positive association. Obviously, the solution would be to conduct educational campaigns, so that the use of personal protective equipment does not become associated with reduced attention to the risks involved in the activity. In addition, special clothes, gloves or shoes are worn by almost 73% of those who mentioned using personal protective equipment at work. Helmets, safety glasses and goggles or face protectors are worn by only 17% of children and adolescents. Thus, children or adolescents may say they are using personal protective equipment when they are actually wearing an apron; however, the apron they are wearing is not appropriate to protect them from the work-related risk.
Since the result of model estimation was not totally satisfactory, some variables were changed. For instance, the variable "training or guidance to prevent work-related injuries or diseases" was included in both equations as an exogenous variable. Also, the endogenous variable "use of personal protective equipment" was replaced by "training". Another alternative was to redefine the variable z, considering its value equal to 1 when personal protective equipment was used or training was present. And finally, the model was adjusted by defining z = 1 only when personal protective equipment was used simultaneously with training. The results obtained with these alternatives were always equivalent to or worse than the ones presented herein.
Among the exogenous variables, the variable "use of tools" is the one with the most significant effects, both in the equations for "use of personal protective equipment" (z) and for "work-related injuries" (y) . Let us analyze the effects of this variable in detail. Table 7 shows the probabilities associated with each one of the four combinations of values for z and y, with or without the use of tools at work. The use of tools makes the probability of work-related injuries with the use of personal protective equipment increase from 0.34% to 2.39% and the probability of work-related injuries without the use of personal protective equipment increase from 2.71% to 6.62%. So, according to equations (11), (12) and (13), we have the following effects:
H 2 (tool) = 6.62% − 2.71% = 3.92% and H (tool) = 2.05% + 3.92% = 5.96%
This overall effect could also have been obtained, in table 7, as the difference between the marginal probabilities of work-related injuries:
H (tool) = 9.01% − 3.05% = 5.96%
In other terms, when work demands the use of tools (machine or appliances), the probability of work-related injuries becomes three times larger. On the other hand, one may observe that the use of tools at work is associated with a large increase in the probability of use of personal protective equipment, which rises from 7.56% to 22.42%. The ratio between these probabilities is θ = 22.42 7.56 = 2.97
Note that the use of tools simultaneously increases the probability of workrelated injuries and the probability of use of personal protective equipment, thus contributing to create a positive association between y and z, as previously discussed.
Another variable with highly significant effects is the use of chemical products at work. Table 8 presents the probabilities associated with each one of the four combinations of values for y and z, with or without the use of chemical products. In this case, the effects are:
H 1 (chem.) = 2.52% − 0.80% = 1.72%, H 2 (chem.) = 6.15% − 4.18% = 1.97%, and H (chem.) = 1.72% + 1.97% = 3.69%, Similarly to the use of tools, the handling of chemical products contributes towards increasing the probability of work-related injuries (which rises from 4.98% to 8.67%) and the probability of using personal protective equipment. Note that the latter virtually doubles, since θ = 24.84 12.15 = 2.04 Table 9 presents the marginal effects H 1 (x i ), and H(x i ) on the probability of work-related injuries for all exogenous variables. Note that the last four variables are continuous and their marginal effects were obtained based on equations (15), (16) and (17). As for the binary explanatory variables, the θ value is presented for the relationship between the probabilities of use of personal protective equipment in the presence and absence of the characteristic associated with the explanatory variable.
Marginal effects were all calculated using a customized software program, since STATA 8.0 estimates the model appropriately, but does not take into consideration the presence of an endogenous variable on the right-hand side of one of the equations. With regard to the four binary variables used to make a distinction between other northeastern regions, which were only included in the "use of personal protective equipment" equation, the effect H 1 necessarily has the same sign as the coefficient estimated and presented in table 4 (positive), whereas the effect H 2 has the opposite sign. Since the estimate for δ (coefficient of the endogenous variable -personal protective equipment -in the "work-related injury" equation) is negative, the absolute value of H 2 is higher than the absolute value for H 1 , resulting in an overall negative effect. This means in the north, southeast, south and central west of Brazil the probability of work-related injuries tends to be lower than in the northeast, due to the more extensive use of personal protective equipment.
The binary variable that distinguishes individuals living in the urban area was also included, but only in the "use of personal protective equipment" equation, but the estimated coefficient sign is negative, resulting in an overall positive effect (H), indicating that urban area residents have a higher probability of experiencing workrelated injuries, due to the less extensive use of personal protective equipment. It is possible that this variable captures the effects of certain types of activity mostly performed by temporary or migrant workers, who frequently live in the urban area.
As for the variables used to capture the effects of color, it is important to mention that the coefficients for black and brown are not statistically different from zero in any of the equations (see table 4 ). The coefficient for "yellow", however, is statistically significant only in the "use of personal protective equipment" equation, indicating that "yellow" (Asian) people have a lower probability of using this kind of equipment. Note that, in table 9, the ratio θ shows that having Asian descent reduces the probability of use of personal protective equipment to less than one tenth of the probability of a white individual using this kind of equipment. Table 4 shows that only the trade, services and social sectors have statistically significant coefficients in the "work-related injury" equation, showing that those who work in such sectors have lower probabilities of experiencing work-related injuries if compared to those who work in the agricultural sector. Based on the marginal effects, it is possible to assert that the social sector is the safest one, in which the probability of an individual experiencing work-related injury is 3.7% lower compared to that of agricultural workers. Similarly, the probability decreases 1.35% and 1.21% in the service and trade sectors, respectively, in comparison to the agricultural sector. In terms of gender, male children and adolescents have 0.83% higher chances of experiencing work-related injuries than female ones. When the father is the household head, the probability of children and adolescents experiencing work-related injuries decreases by 1.13% compared to when the mother is the household head. Studies show that the father's absence increases the probability of a child having to work in order to help with the family income. It was observed, as well, that each additional year of formal education of the household head reduced the probability of a child or adolescent experiencing work-related injuries by 0.34% and that each extra R$ 1000 (around US$ 370) in the per capita family income reduced the probability of work-related injuries by 3.81%.
The strongest effects were observed when individuals used any machine, tool or appliance at work as well as when they handled chemical products, as previously analyzed.
Conclusion
This paper shows how a recursive bivariate probit model can be used in the analysis of factors that affect the probability of an individual aged 5-17 years suffering work-related injuries, considering the use or not of personal protective equipment as an endogenous variable of the model. In the estimated model, there was a positive correlation between the errors of the equations for "use of personal protective equipment" and "work-related injury", which is certainly associated with omitted variables that show same-sign association with both exogenous variables. A possible interpretation is the reduced attention to work-related risks associated with the use of personal protective equipment, which may be minimized by providing young workers with better training and appropriate information.
Obviously, in cases of health risks posed by working activities which are prohibited for children and adolescents aged 5-17 years, the solution is to make sure the current laws are complied with.
The probability of work-related injuries tends to be lower outside the northeastern region, particularly in the southern and southeastern regions, due to the greater use of personal protective equipment.
The strongest effects are associated with two characteristics of the activity: use of tools or machines and handling of chemical products. The presence of one of these characteristics increases the probability of use of personal protective equipment but it also increases the probability of work-related injuries for young workers.
There were differences between occupational sectors, the agricultural sector being the one with the greatest probability of work-related injuries.
No statistically significant difference exists between black or brown color when compared to white skin color, but Asian people have a lower probability of using personal protective equipment, which translates into a higher probability of work-related accidents.
Among the several other exogenous variables analyzed, the household head's educational level and the per capita family income, both with expected effects, should be highlighted, as they reduce the probability of work-related injuries.
